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sive visual model, or logic model, that depicts the core components, underlying assumptions, and intended outcomes of the Montessori approach. Logic modeling, which results in a visual representation depicting the connections among a program's inputs, primary activities, and outcomes, is often used in program planning and research to provide a common framework from which to work. Developed over a 3-year period by a collaborative group of experienced Montessori researchers and practitioners, the Logic Model for Montessori Education presented in this paper is a valuable tool for researchers with the potential to lay a foundation across disciplines for future research that is both rigorous and systematic in its measurement of Montessori processes and outcomes.
Dr. Maria Montessori developed the Montessori Method over 100 years ago as a child-centered educational approach based on scientific observations of children from birth to adulthood. While a more complete treatment of the topic is provided later in this article, some of the necessary components for an authentic Montessori program include multiage groupings that foster peer learning, uninterrupted blocks of work time, and guided choice of work activities (Lillard, 2017) . In addition, hands-on Montessori learning materials are carefully arranged and available for students' use in an aesthetically tended environment. No extrinsic rewards are offered or grades assigned, and children are encouraged to explore personal interests while widely engaging with others (Lillard, 2017) .
In the last two decades, several studies have explored Montessori education and measured implementation and outcomes of participation in both the public and private sectors (Ansari & Winsler, 2014; Brown & Lewis, 2017; Byun, Blair, & Pate, 2013; Culclasure, Fleming, & Riga, 2018; Dohrmann, Nishida, Gartner, Lipsky, & Grimm, 2007; Ervin, Wash, & Mecca, 2010; Hanson, 2009; Lillard, 2012; Lillard & Else-Quest, 2006; Lopata, Wallace, & Finn, 2005; Peng & Md-Yunus, 2014; Rathunde & Csikszentmihalyi, 2005) . While often demonstrating findings in favor of Montessori education, many of these studies have significant limitations, such as small sample sizes, questionable authenticity of Montessori implementation, and selection bias. Although a recent randomized controlled trial addressed many of these concerns , the limitations of most existing studies and the small quantity of research on Montessori education as a whole relative to other educational models demonstrate the critical need for more-rigorous research focusing on Montessori implementation and the subsequent effect on students, teachers, families, and communities.
One way to address some of the limitations identified in prior studies and help increase the quantity of quality research is to develop a shared understanding of the core components of Montessori pedagogy, its underlying assumptions, and its intended outcomes. While Montessori education is not new, educational researchers have never had a widely accepted, peer-reviewed document or visual aid outlining critical Montessori elements to inform research designs that align with the philosophy and guide the work of those in the field. Thus, researchers and practitioners, recognizing this need, collaborated over the past 3 years to create a comprehensive Logic Model for Montessori Education that depicts the core components, underlying assumptions, and intended outcomes of the Montessori approach. This article further discusses the logic model development process and presents a logic model that has the potential to lay a foundation across disciplines for future research that is both rigorous and systematic in its measurement of Montessori processes and outcomes.
As evident from the more recent, rigorous studies (Culclasure et al., 2018; Lillard et al., 2017) , Montessori programs implementing the model with fidelity may effect positive changes in the areas of academic, behavioral, and socioemotional outcomes among participating children. Researchers must continue to explore these and other outcomes in a way that creates a robust body of evidence built from a commonly held understanding of the Montessori approach and the best ways to measure the impact of the approach. The logic model introduced here can act as a common reference point and a guide for future researchers who aim to contribute to the field regardless of their familiarity with Montessori education.
Why a Logic Model for Montessori Education?
Logic models represent a powerful way to succinctly and clearly communicate the core components of a program or approach to communities of practitioners, researchers, and other stakeholders. The logic model can act as a collective reference point to reconcile conversations across different disciplines and audiences, providing a common language and starting point for understanding best practices and the ways variations in implementation can lead to differences in results. Additionally, they can increase access to information among audiences that do not have expertise in an area by reducing complex narratives and theories to a relatively basic flow diagram that is easy to engage with. In other words, logic models can help individuals see both the forest and the trees, providing an overall picture of what a multifaceted educational approach like Montessori aims to do, while at the same time allowing consideration of how each part of the approach affects the others.
From a research perspective, increasing understanding of core Montessori components and processes may lead to additional, intentional research collaboration. Establishing a shared understanding of the intended outcomes of Montessori education can facilitate a conversation among researchers about how to standardize outcome operationalization and measurement. One of the main limitations to prior research on Montessori education is the lack of comparability between study methodologies and results. At present, Montessori research operates, essentially, in a research vacuum in which data comparison across studies is difficult. Data gathered using the same outcome definitions and measurement tools could be synthesized to create a foundation on which future studies can build, thus enabling researchers to more easily and accurately identify and attribute data inconsistencies to program implementation rather than to outcome measurement.
Modeling the Montessori process also opens the door to multiple research opportunities and pathways. Logic modeling explicates both core program components and processes (that clearly articulate the relationships among program outputs, outcomes, and impacts) in ways that can inform research questions for both process and impact studies. Process evaluations examine the fidelity of program implementation regarding the original program model, while impact evaluations assess whether the program had the intended effect on program participants. A Montessori logic model serves as an invaluable resource because it establishes the standard aspects of an authentic Montessori program and process. Researchers, particularly non-Montessorians, can use this model when designing research studies, allowing them to have a consistent understanding of authentic Montessori education, thereby avoiding potentially flawed research designs and subsequent faulty conclusions.
Logic models are meant to be dynamic resources that change in relation to the needs of program development, implementation, and research. In contrast to a prospective logic model-often used for planning how a new program should be implemented to effect changes-what is presented in this paper is a retrospective logic model for Montessori education. This retrospective model documents the process of authentic Montessori implementation and the intended outcomes for children as those outcomes are currently agreed upon by experts in the field. In addition to increasing understanding of Montessori education and facilitating future rigorous research, this logic model can be used prospectively in updating the Montessori approach as the collective understanding of precisely how Montessori education affects students is strengthened. Additionally, increasing access to the components of the Montessori logic model will help potential adopters weigh its costs and benefits compared to other existing educational models.
The Components of the Logic Model for Montessori Education
Widely used in the worlds of program planning and evaluation, logic modeling is a systematic process of iteratively examining and documenting how and under which conditions a program or approach works. The result is a visual representation that depicts the connections among a program's Inputs/Resources, Activities/Actions, Outputs, the Outcomes the program intends to affect, and the overall, big-picture Impacts. When read from left to right (see Figure 1) , logic models present the flow of how a program works over time from the acquisition of resources and funding to the implementation of core activities intended to result in desired changes (W. K. Kellogg Foundation, 2004) . Inputs/Resources and Activities/Actions identify planned work, while Outputs, Outcomes, and Impacts trace intended results. The following discussion provides a brief overview of each component of a logic model, along with examples of potential research opportunities specific to Montessori contexts.
Inputs/Resources, according to the W. K. Kellogg's Logic Model Development Guide, are the "human, financial, organizational, and community resources a program has available to direct toward doing the work" (p. 2). This encompasses everything from funding and staff to office space, technology, curriculum, and professional development. One input specific to Montessori classrooms is the didactic materials designed to promote students' concentration, independence, and self-correction. Researchers may elect to study an array of instructional materials not found in traditional classrooms that are designed to support a child's learning and development across a host of domains (e.g., language, literacy, math, science, geography). Also, similar to other education research, the actions and dispositions of teachers and their interactions with students are key areas of research to better understand student outcomes within a Montessori context. Activities/Actions describe how a program uses inputs and resources to achieve program objectives; Activities/Actions are the actual processes and events used to bring about intended results. A critical Montessori activity for achieving authentic implementation is individualized learning within an ordered environment that delivers an integrated curriculum. Researchers could examine the processes embedded within Montessori classrooms that are designed to facilitate integrated curriculum delivery and individualized learning.
Outputs are the measurable, tangible, and direct results of Activities/Actions, usually described in terms of the size, frequency, and/or scope of the services or products delivered or produced. Examples in Montessori education include the number of children participating in Montessori programs who are ready to move to the next level of their education. Note that outputs do not communicate anything about the quality of the direct results from an activity or action.
Outcomes are the intended, short-term changes (i.e., 3 to 5 years) in program participants' "behavior, knowledge, skills, status, and level of functioning" (W. K. Kellogg, 2004, p. 2) . Outcomes also can be examined at the systems level in terms of changes in condition or action, such as changes in organizational culture or policy. In Montessori schools, the expected outcomes are participant oriented, focusing on cultivating student behaviors, beliefs, and attitudes. Examples of the student outcomes from participation in authentic Montessori programs that researchers can examine include increased executive function, creativity, and academic achievement (Brown & Lewis, 2017; Culclasure et al., 2018; Lillard, 2012; Lillard & Else-Quest, 2006; Lillard et al., 2017) .
Impacts are long-term and follow the achievement of outcomes over a sustained period (W. K. Kellogg Foundation, 2004) . Impacts take 7 to 10 years to manifest and should not be expected to be seen in any significant way in the short term. In the logic model presented in this paper, we propose that children who participate in authentic Montessori programs over a long period of time should develop into physically healthy and mentally and psychologically fulfilled young adults who are highly educated and active participants in their communities.
The Development of the Logic Model for Montessori Education
The process of creating a new logic model is as valuable as the resulting model, just as the process of examining an existing one adds substantial value. When done systematically and with an openness to discovery, engaging with logic models helps researchers surface the assumptions that underlie their logic, assumptions that are critical to consider when trying to understand exactly how or under which conditions a program or educational approach works. A key assumption identified in the logic model presented here is that learner interest in a topic is one of the primary drivers of motivation and learning. If student interest is not piqued through varied learning methods, students will not develop a love of learning or the motivation to become a lifelong learner. Thus, motivation in Montessori classrooms is a prime area for further investigation.
As Martin and Carey (2014) detailed in their article about logic model development, documentation of the model creation and validation process is one of the most valuable aspects of the exercise because of the refined conceptual understanding that emerges. The clarity of thinking that results from building the logic model is critical to the overall success and eventual utility of the model (W. K. Kellogg Foundation, 2004).
As a primary part of the logic model development process, educators and researchers should first collaborate to develop a theory of change to describe the planned intervention that will bring about change in an educational setting. A theory of change is "a comprehensive description and illustration of how and why a desired change is expected to happen in a particular context" (Center for Theory of Change, 2017). Dhillon and Vaca (2018) described the theory of change as a roadmap, "providing pathways of outcomes… causally link(ing) inputs and activities to a chain of intended, observable outcomes" (p. 65). Using a backward design strategy to begin this process, stakeholders should first ground the theory of change in proposed outcomes that will be realized after an intervention is implemented. Once the project's outcomes are clearly articulated, the stakeholders may then develop detailed descriptions for each of the project's activities, listing required materials, personnel, and financial or community resources needed to ensure the intervention's success (W. K. Kellogg Foundation, 2017).
The idea for the development of a logic model for Montessori education was first discussed during the convening of the 2015 Montessori Research Working Group in Salt Lake City, UT. Several researchers new to the Montessori field who attended this convening of multidisciplinary researchers expressed the need for a logic model or similar tool to help them understand the core components of Montessori education and to provide a common language for understanding best practices and expected outcomes. Since no such logic model or tool existed, the development of a logic model for Montessori education was added as a priority task for the Montessori Research Working Group, and a Montessori Logic Model subgroup was created to develop the model.
Subsequently, under the leadership of this subgroup, the process included multiple steps over 3 years, with the input of numerous researchers and Montessori content-area experts. Six experienced Montessori teacher educators from both Association Montessori Internationale (AMI) and American Montessori Society (AMS) programs provided in-depth feedback on all sections of the first draft of the model through an online survey. Next, researchers circulated drafts of the logic model at various Montessori professional conferences and gatherings over the 3-year period and obtained verbal and written feedback from diverse groups of participants. Feedback from researchers, teacher educators, and practitioners resulted in continual refinements to the model through 2019, when it was deemed ready for publication. The timeline in Table  1 outlines the key steps of the process and the associated timeframe. Details about development of each section follow. 
Inputs Section
The Inputs/Resources section was shortened to Inputs in the Montessori logic model, and an initial list of 10 inputs was created by analyzing Montessori standards across time as outlined by professional Montessori organizations and by identifying areas of consensus (see Table 2 ). Each input was examined in relation to Dr. Montessori's writings, the writings of Montessori experts, and research on Montessori implementation, as shown in Table 2 . Subsequently, the inputs were refined when the model was revised and an eleventh input was added to reflect Montessori education's inclusiveness. Dr. Montessori's writings Montessori, 1912 Montessori, /1964 Montessori, 1914 Montessori, /1965 Montessori, 1917 Montessori, /1965 Montessori, 1939 Montessori, /1966 Montessori, 1948 Montessori, /1973 Montessori, 1948 Montessori, /1976 Montessori, 1956 Montessori, /1970 Montessori, 1962 Montessori, /1988 Montessori, 1967 Montessori, /1989 Montessori, 1976; Montessori, 1997; Montessori, 2000; Montessori, 2008 Montessori experts Boehnlein, 1988; Chattin-McNichols, 1992; Daoust, 2004; Feez, Miller, & Tyne, 2012; Kahn, n.d.; A. S. Lillard, 2017; P. P. Lillard, 1972; P. P. Lillard, 1980; P. P. Lillard, 1996; Pedersen & Pedersen, 2008; Pottish-Lewis, 2011; Rambusch & Stoops, 1992; Standing, 1957 Standing, /1984 Research on Montessori implementation Ansari & Winsler, 2014; Byun, Blair, & Pate, 2013; Culclasure, Fleming, & Riga, 2018; Dohrmann, Nishida, Gartner, Lipsky, & Grimm, 2007; Hanson, 2009; Lillard, 2012; Lillard & Else-Quest, 2006; Lopata, Wallace, & Finn, 2005; Peng & Md-Yunus, 2014; Rathunde & Csikszentmihalyi, 2005 Key Concepts, Applications, Overall Impact, and Programming Across Levels Sections Experienced Montessori practitioners and researchers at all levels examined Montessori professional organizational standards, Dr. Montessori's writings, and the writings of content experts over a 3-year period to create the model's Key Concepts, Applications, and Overall Impact sections, as well as the Programming Across Levels section, as illustrated in Table 3 . Expanded programming sections clearly articulate both similarities and differences in resources, actions, and goals across the range of age levels served by Montessori programs. Dr. Montessori's writings Montessori, 1912 Montessori, /1964 Montessori, 1914 Montessori, /1965 Montessori, 1917 Montessori, /1965 Montessori, 1939 Montessori, /1966 Montessori, 1948 Montessori, /1973 Montessori, 1948 Montessori, /1976 Montessori, 1956 Montessori, /1970 Montessori, 1962 Montessori, /1988 Montessori, 1967 Montessori, /1989 Montessori, 1976; Montessori, 1997; Montessori, 2000; Montessori, 2008 Montessori experts Boehnlein, 1988; Chattin-McNichols, 1992; Feez, Miller, & Tyne, 2012; Kahn, n.d.; Lillard, 1972; Lillard, 1996; Lillard, 2017; Pedersen & Pedersen, 2008; Pottish-Lewis, 2011; Rambusch, & Stoops, 1992; Standing, 1957 Standing, /1984 Outputs, Expected Outcomes, and Suggested Assessments Sections
It must be noted that an Outputs section was not included in this more comprehensive logic model because outputs are typically more useful at individual program levels. The Outcomes section of the logic model (renamed Expected Outcomes and Suggested Assessments) includes expectations of enhanced executive function, heightened creativity and self-expression, increased motivation, strong social fluency, and emotional flexibility and advanced self-regulation skills. These outcomes were identified following a comprehensive review of the literature outlined in Table 3 . The Suggested Assessments section was added so that appropriate and commonly used measures are listed in the logic model for each expected outcome. Instruments are organized by the types of outcomes they are designed to measure in Table 4 .
These instruments represent examples of assessment tools across the breadth of nonacademic and academic outcomes expected from Montessori experience using measures that are also appropriate for use in non-Montessori contexts. These suggested assessments, while not exhaustive, represent a compilation of instruments recommended by experts in research, measurement, and assessment, including instruments previously used in Montessori studies with reasonable success. Table 5 summarizes specific recent studies according to which measure was incorporated. Figure 2 is the culmination of the work outlined in the previous sections and presents a graphic display of critical components of the logic model. It is important to note that this logic model is a living document, and it is expected that subsequent versions of the logic model, supported by the most current research, will be published in the future. A downloadable version of the logic model and its associated references is available in the Supplementary Materials.
The Logic Model for Montessori Education

Conclusions and Future Directions
Regarding future directions and considerations for subsequent versions of the logic model, more work should be done in several areas. For example, peace education and some aspects of social justice are deeply rooted within Montessori pedagogy (Debs, 2019; Duckworth, 2008) . Therefore, an expanded treatment of the potential of Montessori as a vehicle to ensure equitable learning opportunities is warranted. Such an examination will require deeper consideration of bias, equity, and human rights in all aspects of the Montessori approach to ensure that all children are able to equally thrive and benefit from Montessori education.
The logic model presented in this paper is a valuable tool for researchers seeking to study Montessori education, as it has the potential to lay a foundation across disciplines for research that is both rigorous and systematic in its measurement of Montessori processes and outcomes. While constant work is required to ensure the logic model remains updated and reflects the most current research, this first version provides a solid foundation from which researchers and practitioners can work and continue to build. 
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